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A MEASURING SYSTEM FOR CONTINUOUS PLOTTING OF -THE DOPING 
PROFILE OF A SEMICONDUCTOR WAFER 
l 
Miss B. s. Leela 
ABSTRACT 
A measuring system developed by J. A. Copeland ( l], to directly plot 
the doping profile of a semiconductor wafer, has been built to facilitate 
the research group at Lehigh University engaged in semiconductor device 
work, This technique involves generation oftne second harmonic voltage 
obtained by driving a Schottky diode 'With a small cons taint RF @~~snt on 
the order of a few hundred microamperas at a fundamental frequency of 4.S 
}ffiz. The depletion layer is varied by changing the de voltage. The doping 
profile is obtained by monitoring the voltage across the diode at the 
fundamental frequency 'Which is prQportional to the depletion layer depth 
x and the second harmonic voltage which is proportional to inverse doping 
density n=1 (x), These voltages, after being detected, are applied to an 
X-Y recorder, The recorder y-input, derived from a logarithrnic converter, 
provides a direct plot of log(n) versus x on semilog paper as the diode do 
reverse bias is varied. 
This technique yields immediate results with good accuracy. The 
\ 
equipment is easy to operate and is relatively inexpensive. Depth re-
solution is on the 'order or a Debye length and absolute doping con-
centration levels can be measured with an accurcacy of about l°". 
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ABSTRACT 
A measuring system developed by J. ~ Copeland [ lJ, to directly plot 
the doping profile of a semiconductor wafer, has been built to facilitate 
the research group at Lehigh University engaged in semiconductor device 
work. This technique involv®s generation ofth~ second harmonic voltage 
H 
obtained by driving a Schottky diode with a small constant RF @'W!ffent on 
the order of a few hundred microamperes at a fundamental frequency Qf 4.5 
: 
MHz. The deplet~on layer is varied by changing the de voltage. The doping 
profile is obtained by monitoring the voltage across the diode at the 
fundamental frequency which is proportional to the depletion layer depth 
x and the second harmonic voltage which is proportional to inverse doping 
-1 density n (x), These voltages, after,being aetected, are applied to an 
X-Y recorder. The recorder y-input, derived from a logarith_mic converter,· 
provides a direct plot of log(n) versus x on semilog paper as the diode de 
reverse bias is varied. 
This technique yields immediate results with good accuracy. The 
equipment is easy to operate and is relatively inexpensiv·e. Depth re~ 
solution is on the order of a Debye length and absolute doping con-
centration levels can be measured with an accuracy of about 10% • 
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IN'IRODUCTION 
Determination of the impurity concentration distribution in a 
semiconductor wafer is very important in the field or Semiconductor 
Technology in fabricating the desired device characteristics. In several 
types of devices, which operate under reverse bias, knowledge of the 
doping profile is used to calculate parameters such as capacitance and 
series resistance as funcµon of voltage, reverse recovery time, trans-
ition time and avalanche breakdown voltage, 
There are several methods available for determining doi>ing profiles, 
the most common being capaci ta.nee-voltage (C-V) measurement. This method 
involves careful measurement of diode capacitance at various r·everse bias 
voltages which are then used to compute the doping concentration and .. 
depth at each point of the reverse voltage with appropriate mathematical 
relations [ 2]. This technique is time consuming and inaccu:rate at high 
reverse voltages since change in diode capacitance is very small at high 
reverse voltages, 
This new profiler is advantageous in all respects since it is simple 
, 
· .- · to operate '··'a~d presents accurate results quickly. 
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BACKGROUND AND THEORY 
1.1 Energy band model for· the MOS structure. 
~ A brief discussion of the energy .band structure and charge dis-
tribution in a Schottky diod~·under reve~se bias condition is described 
and the expression relating inverse doping density and depletion depth 
as function or voltage is derived, 
J 
.. ·A Schottky diode is a metal-semiconductor contact having rectifying 
' 
properties. Invariably, there is an oxide layer betwee·n metal and· semi-
conductor contact a few angstroms thick, hence, ·these structures are, MOS 
. 
devices. A simple p-type semiconductor with metal contact separated by· · 
oxide thickness t 0 is shown in Fig. l, 
oxide ' 
· P-typ® .semiconductor -----
--
-
:J 
Fig. 1, A MOS capacitor,· 
• I 
In the following discussion, the general response .to bias v·oltages 
. 
. -
o;f an MOS structure with thick oxide is first described. The special 
case of a· Schottky diode, which has a thin oxide, is·considered next. 
1. 
. . ' 
When a neg a ti v·e yol tage is applied to · the metal, the s true ture is 
~ • 
forward biased, The negative potential attracts the positive mobile 
charge in the p-type semicQnductor causing accumulation of holes near 
the semiconductor oxide interface, The corresponding structure cross 
• 
. t\' ~ 
section, energy band, and charge distribution diagrams are ·shown in 
Fig. 2(a). .. 
·' 
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When a small positive voltage is applied to the metal, a negative 
l 
charge is induced in the semiconductor I the holes near the semiconductor-
oxide interface are repelled leaving a depletion region consisting of 
ionized acceptor ions. Fig. 2(b). shows the }10S structure, energy band 
I 
and charge distributions for this condition. 
The charge density per unit area contained in the depletion. region 
of the semiconductor is 
I. 
(1) 
w:h,ere xd is the width of the depletion layer, q the electronic charge, 
'· 
and n the doping concentration density. 
If the positive voltage applied to the metal is increased still 
further, the width of the·rpletion region increases correspondingly until. 
a ·point where the conduction band come~ c:Loser to the fermi livel, When 
this occurs, the concentration of electrons near the interface increases 
very sharply as indicated by~ in the energy band and charge distribution 
diagrams shown in Fig. 2(c). This point is called the inversion condition. 
'When the inversion layer is formed, the width of the depletion layer reaches 
maximum and even a small increase in band bending, corresponding to a very 
small increase in depletion width, results in a very large increase in 
charge contained in this inversion layer. 
Under such strong inversion conditions, the charge per unit area in-
-duced in the semiconductor 
Q = ~ + ( -q n) xd max (2) 
where xd max is the maximum width of the depletion region~. 
In the Schottky diode which is the structure of interest here, tun"!" 
neling through the thin oxide layer prevents the formation of an inversion 
layer, and the term ~ in equation (2) must be omitted. 
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' 1~2 Derivation of the basic equation for the impurity profile plotter. 
The following assumptions are ma.de in evaluating 'the equation used in 
determining impurity profile: i, The junction is planar (one dimensional) . 
and there is no impurity concentration gradient'parallel to the plane of 
' the substrate; hence,; the doping density n(x) is a function of d~pth only, 
ii. the junction is abrupt, iii. the impurity atoms are completely ionized 
throughout the space charge region and the entire space charge region is 
. .. p;i: ,/.;. ·; . . . 
void of mobile carriers, 
The electric field plot E versus depth x of an abrupt junction diode 
is shown in Fig. 3, 
The voltage V across the depletion layerrunder the Schottky barrier 
contact, as function of charge per unit area Q, is 
X(Q) 
V(Q) = E(x,Q) dx 
0 
where X( Q) is the end of the depletion layer. 
E 
~- . __ ); ~ .-.•:· ,--..• 
Charge= Q 
·.AREA=V 
_..,,.,_ 
""-"'' ·~, .. ·-.._. 
Charge = Q, +tlQ 
..,., ____ ---.X(Q) ·--...... ---~" .... ~ill 
--
:.,... 
.. 
.,,,, ..... 
, 
Fig. J. · Th.e plot or electric field versus depth of depletion layer. 
•. ' 
,\' 
·I 
·a· ,;' ! . w 
,: 
.. . 
(3) 
() 
~- • • -• -~• - '"""" .. , ..... ~ >.<•,•o • --/C, \f~f .,... • -· •-,,-••r: .. ••,,,.,.,,,,i •• ,, '/',J••j,,,,,.,, ••.•- ,···~-·L-· 0 •u "•• ••• ·-~ 
... ·'·-·ti.i#:-',.:,. ·, 
The charge per unit area in the depletion regiqn of the semi-
conductor 
X(Q) 
Q = q n(x) dx 
C ·, ::· •. Q 1 
(4) 
0 
9 
where n(x) is the doping density at x. Since charge neutrality must be 
satisfied, there is an equal but opposite amount of charge on the metal 
plate, i.e. 
0 
Q = I + -q 
~s rn 
0 
• J 
n(x) dx, (5) 
The electric field and charge density are related through Poisson's 
equation, 
L ... ,~ 
(6) 
where £ is the semiconductor permittivity, P the charge density • 
,. 
The electric field E(x,Q) at any point lesS than X(Q) in the depletion r" 
region is 
X 
E(x Q) =g_ + .::S. 
' e: e: 
n(x) dx , (7) 
0 
If the charge per unit area is increased by a small increment A Q, 
the incremental voltage 
~ X( 
AV = ~Q X(Q) + ; 
X(Q) 
cf. App. I, 
.. 
1: 
... 
,X( Q+~Q) 
fn(x) dx dx. 
X 
·I 
(8) 
:• 
···-··:.-: -- ..• ..-::· 
.1: 
I 
l 
• 
I 
:\ 
• j, 
... w..,.;.., ......... ....,,,.._ .• ,.,,, · •• ' .. ' · ... ·': ' •'', ·,., .... J·,, .: ;: '..'.''. ~: •. ,..~-~;.~.;._,~·~·":.,......~·~ 
'>'• ,I ',_•, ... ~ ,,, ~-:_.,, ,',; • .-, ... ::::;..,_,.".i,~' . ....,.;.;..,,..--,....~..;......,."_"....:......--:..:,..... .. ---.~.M-,o,,;Jj.,, ....... ,, L ••·~·-'<•,;.',, :,•, , •.;.._.: •;.~ .,: ; . .-.,,~• .,•,c1:',,,.,/ ,\;•:,.:i.,:;,,c,.,0 ,~,,\'., ,,,',.-,-:, ,•, :,·.•, :,,,.·,, .• ,_,, ..::, .. ~,:.,.,A•O,,.,..~l;.---~,ff<o.;./;.. . ..:,• ''"""•,•,,/';,,,,., -•. ;:., 
I ', • f, 
,, 
6 
10 
.. 
·" :.1 
• 
'• P'J'•"!\ 
If ~Q is small enough so that n(x) may be considered constant be-
tween X(Q) and X(+~Q) 
2 AV= ~Q,X + ~Q -- ··r .._,,... ' 
e iq£n (X) (9) 
cf. App. I. 
C 
If ·t~Q is the incremental charge due to an ac current I ( t) = I s inw t , 
then for a diode having area A, the change of charge per unit area 
AQ = I coswt (lO) 
w A 
where w is the angular frequency of the driving current, Combining 
eqs, (9), (10) 
'°"'' 2· Av·= I coswt X + I cos 2wt . 
u WA£ 2 2 • (ll) 4w A £q 
The first term of eq. (11) is the incremental voltage with the 
same frequency as the driving current having amplitu~e proportional 
to the depletion layer depth X. The second term is an incremental voltage 
at twice the frequency of the driving current having amplitude inversely 
proportional to the _doping density n(X) at depth X~) The third term is 
\/' 
a de voltage. 
,.,.,....,,~-
Eguation (11) forms the basis for constructing the semiconductor 
profiler. The Schottky diode is driven with a small RF current super-
imposed on the reverse de bias, .The ac voltages developed across the 
diode at the fundamental and second harmonic are detected after amplif.i-
';\" 
cation and applied to an X-Y recorder providing a plot of the inverse 
doping as the de bias is varied. The y-input of the· recorder is derived 
from a logarithmic converter to obtain directly log(n) versus x on semi-
logari~c paper as the reverse de voltage is changed. 
,. ' 
.. . 
. ~ . 
I 
" 
' 
;. 
... 
• 
..,...... 
···.·~ .. 
.... ,. 
This 
this case 
profier can also be used to investigate p-n junctions, In 
-1 -1 (n + p ), at the edges of the depletion layer is plotted 
as function of depletion layer width. 
, . 
. •, 
,,,. 
1.J Theory of C-V technigue, · 
11 
This section derives the relation used to determine an arbitrary 
impurity distribution by the ca·pacitance-v·oltage (C-V) method. Using 
the same assumptions listed above and starting with Poisson's equation, 
(12) 
where X is the depletion width,£ the permittivity of free space , and 
0 
£ 5 the relative dielectric constant. 
The electric field 
X X 
E = qn(x) dx 1 q n(x) dx = g_ (13) = -e: E £ 
0 
,; 
where Q = total charge per unit cross-sectional area. 
If the voltage is increased by an amount dV, the charge distribution 
and electric field distribution will both change by dQ and dE respectively 
h 
_with a corresponding increase in depletion layer width d.X. 
Incrementally, 
dE = dQ = q n (X) dX 
~ E 1 (14) 
and the corresponding change in applied voltage is approxjmately 
dV = (dE) X = q n(X)X dX = q n(X) d(X2) 
£ 2e: 
(15) 
• 
... '-
' 
• I 
' 
.. 
,,. 
., 
• 
, . ' . ' 
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Capacitance per unit area 
C'Li ~ = ~ 
-== dV X 
•· 
.\' 
(16) 
where dQ is the incremental increase in charge per.unit area due to 
an incremental change in applied voltage, 
If the diode area is A 
. €A 
C = -· X 
Substituting for ii': 
(17) 
. ~-
2 2 dV = q n(x)eA d(l/C.) 
J 
(18) 
2 
2 dV 
n(x) = -----
qe: A2 d(l/C2) 
c3 dV 
:::::: ---
qe: A2 dC (19) 
12 
Careful measurement of capacitance as function of reverse voltage 
perm.its calculation of the impurity dist!ibution n(x) • 
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2. EXPERIMENTAL SETUP 
2.1 The doping profile plotter. 
., 
The doping profiler block diagram .is shown in Fig. 4~ 
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A 4,5 MHz crystal oscillator providing approximately 7,.5 volts 
" 
rms into a 50 ohm load is used to drive the diode in the probe circuit. 
This voltage is applied to a low.impedance po~pt in the probe circuit so 
that the oscillator acts as a constant current source. The power supply 
voltage for the oscillator must not exceed 12 volts. Th.e harmonic filter 
following the oscillator removes any second harmonic content present in 
the oscillator so that it is not comparable to the second harmonic signal 
generated by the diode, 
A Dot size attenuator controls the signal applied to the sample 
under test and is adjusted to maintain constant current per unit area 
for different sizes of Schottky barrier diode~ being profiled, This 
attenuator, adjustable in steps of 10 db andl_db, permits measurement 
of diodes having diameters ranging from 5 Mils to more than 40 Mils. 
The diode depletion layer is varied by applying a reverse de bias 
voltage to the diode in the probe circuit. The polarity of the de bias 
can be changed to ev·aluate either p-type or n-type·· diocies. 
, 
The probe circuit output consists of 4,5 lffiz and 9 :MHz signal 
voltages which are proportional to the depth of the depletion layer ~ 
and inverse doping density respectively, Since the probe circuit is 
detuned when the diode is contacted, only a fraction of the injected 
voltage appears at the diode. The 4.5 }1Hz signal is applied to a depth'1 
attenuator which is variable in steps of 10 db and 1 db, This attenuator 
controls the amount of signal applied te the 4.5 MHz receiver and allows 
~ 
profile measur~ments on depths of O - 40 microns in steps of 6 db, the 
minimum setting being O - 2, 5 microns.. The second harmonic signal is 
~ 
delivered to a 9 MHz receiver. The outputs of the 4,5 MHz and 9 :MHz 
.-:ti', 
. \.; 
.. 
' . 
i ... 
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.':• I 
receivers are de voltages proportional to the input signals. The 
output level of each receiver can be controlled by their gain controls, 
The 9 MHz receiver output is applied to a logarithmic converter having 
an attenuator variable in steps of 10 db, This attenuator controls the 
inverse doping profile signal applied to the recorder. Doping con-
13 19 -3 · centration ranging from 10 to 10 cm can·be measured with the 
profiler, 
The de voltages from the 4,5 MHz receiver and logarithmic con-
verter are present at the x and y-inputs of the recorder. The x-input 
is linear and the y-input is calibrated for a logaritbmjc scale. 
Probe circuit~ 
The probe circuit diagram is shown in Fig • .5, Essentially, the 
circuit consists of three elements in parallel as shown in Fig, 6 
which re~onate at two frequencies. The values of c11i and c212 are 
, chosen so that the entire circuit resonates at frequencies of 4.5· and 
9 MHz. The Q va~s of the coils Li and 12 are about 100, Before 
co~tacting the diode, the probe circuit must be tuned to both fre-
quencies by varying c1 and C2, 
l 
·, 
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Adjustment of c2 determjnes the separation between the two parallel 
resonance frequencies while capacitor c1 adjusts both resonant fre-
quencies upward or downward simultaneously. The probe circuit output 
signals are coupled to low impedance points in order to preserve ·high 
circuit Q. The 9 MHz signal is developed across a series tuned circuit, 
c3 and 13, resonant at 4.5 MHz, in order to reduce the 4.5 MHz signal 
present at the 9 }ll:Tz receiver input. If a large 4,5 MH~ signal is 
present at the input to the 9 MHz receiver a second harmonic interferenc, 
signa.l_will be generated. A. 750 pF capacitor c4, in ser~es with 50 ohm~, 
. compensates for the :reacta.nce of c3 and I:, at 9 MHz. 
AJJ input and output impedances must be 50 ohms and resistive for 
the attenuators to operate correctly. The 50 ohms resistor R1 shown in 
the probe circuit, is the resistance termination of the Dot size attenuator 
and is located within the Dot size attenuator to avoid ground loop problems. 
The probe circuit is wired on a small printed circuit board mounted 
. " 
" in a shielded box where diode con~ct is made. This type of wiring en-
sures that the stray capacitance, which is part o:f c1 , is less than 5 pF • 
Procedures for tuning the probe circuit. 
Tuning of the probe circuit is done without the wafer in the circuit 
and the probe in a raised position •. The second harmonic filter is initially 
j 
I 
bypassed to provide sufficient detectable 9 MHz signal from the oscillator. 
The loga:rithmic converter is also bypassed and the 9 1ffiz receiver output -
, connected directly to the .recorder y=input and the 4.5 }lliz receiver output 
" ' to the x-input, Capacitors c1 and c2 are adjusted so that at a partic11Jar 
!) 
value of c2 the plot shown in Fig. 7 is observed on varying c1 through 
resonance. Tm:s -is done by adjusting c2 in very small increments and 
... 
.... ; 
, 
,i;•; 
.. ,. . 
,• 
j 
c2 not at 
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r 
.... 
cl,and c2 at correct 
value for probe 
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Fig. 7, Trac:es o,-ota.ined -during tuning of probe circuit. 
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observing the resulting r,ecorder plots asc1 is varied completely 
until x and y inputs have maximum deflection simultaneously. c1 is 
maintained at the value which yields maximum x and y defiection. 
19 _.,, 
. . 
The pr-obe circuit is now tuned properly, If tuning is done with 
the logarithmic converter in the circuit x will be a maximum when y bas 
a minimum value. 
After the probe circuit is tuned, the second harmonic filter and 
. 
logarithmic converter are re-inserted in the circuit and the profiler 
calibrated. 
.. 
., 
/ . Profiler Calibration. 
Calibration of the profiler is achieved by carefully measuring the 
capacitance and voltage, by the C-V technique, of a known diameter diode 
I 
and computing and plotting the values of n(x) and x at each point on 
semilogarithmic paper. This profile is then matched with the profiler 
.. -~· . .- . -by adjusting separately the gains of the two receivers 9 the Dot size 
•.. , ...... 
t • 
attenuator, the depth attenuator and the inverse doping attenuator in 
the logarithmic converter. After the profiler is ~tched, the gain 
Dettings of the two receivers and X~Y recorder settings must not be 
disturbed, The position of the Dot size attenuator setting represents 
the range of the size of the.diode djameter, the position of the depth 
attenuator setting represents the>range of the depletion layer in 
I 
microns~ and the positionofthe·inverse doping setting sets the doping 
level range. 
The Dot size attenuator setting for different diod.e diameters can 
be determined by assuming d,ifferent djameters for the same diode and 
. .... "!""····-
·.,,. 
,, 
• I 
' 
·,I 
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. 
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.. 
calc11Jating n(x) and x using the same values obtained by C-V measurement. 
' 
These profiles when plotted can be duplicated by trial settings of the 
Dot size, depth and inverse doping attenuators while keeping the receivers 
gain fixed at their ini.tial setting, .This procedure provides calibration 
of the system for the Dot size, depth and doping level respectively for 
any diode, 
For the present profiler, when the inverse doping attenuator setting 
is more than 20 db, the x-input range of the recorder must be 0.5 V/i.n; 
for settings 20 db or less, the x-input range must be 1 V/in. The re-' 
corder y-input sensitivity must remain at 5 mV/in, The gain of the 
y-input side of the recorder is calibrated for a vertical logarithmic 
,scale by changing the inverse doping attenuator 10 db and adjusting the gain 
control until the pen moves 10 db on the 2 cycle semilogarithmic graph 
paper. 
Since the input impedance of the X-Y recorder used is 1 Megohm, the 
recorder x and y-inputs are terminated with 20.5 kilohms, 1% resistors 
"· 
to impedance match the 60-D logarithmic converter and 4.5 ~lliz receiver ~ 
outputs. 
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2,2 The c-v Measurement System. 
The C-V measuring system is shown in Fig. 8. The diode whose 
characteristic is to be -measur~, is placed in a shielded sample box, 
21 
The diode terminals are connected to a Boonton Capacitance Bridge model 
75A-S8 which operates At a test frequency of 1 }lliz. An external smoothly ·-
. ' 
variable battery supply is used for the de bias instead of the one in-
side the capacitance bridge. The reverse de bias applied to the diode 
is read on a digital voltmeter having an input impedance of 107 ohms, 
preceded by an electrometer. The MOS equivalent parallel resistance 
' . 
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I ~ 
--
STD I ~ ~ lii 
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- Lo 
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Fig.· 8. Black diagram of .the C-V measuring system. 
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J 
· 5 10 (1/G) may vary between 10 and 10 ohms and MOS equivalent parallel 
·· , capacitive reactance (1/wc) between 103 to 109 ohms. The electrometer, ' 
having an input resistance of 1014 ohms shunted with~ capacitanCe of 
22 pF is used for impedance transformation. 
The C-V measurement is taken with the oscillator level in the 
Capacitance Bridge set at the 'Low' position since at low de reverse 
bias levels, a large ac signal will dri v·e the diode in the forward 
direction resulting in erroneous capacitance values, 
The C-V measurements are made by first contacting the diode with 
the probe and applying·zero de voltage as measured with the digital 
voltmeter. The capacitance bridge is then adjusted for a minimum 
using the conductance and capacitance controls. The corresponding 
bridge capacitance reading, at the minimum, gives the di,od.e capaci-t,ance 
at zero volts de. A set of capacitance readings are obtained for various 
reverse bias voltages by again.balancing the bridge for each voltage 
value. 
The wiring capacitance of the sample box is measured with the diode 
probe in the raised position. This value, which is on the order of 1.6 pF, 
should be subtracted from the sat of capacitance values taken for the 
diode before computing the do.ping profile plot. 
The concentration and depth are then computed ·usingeqs. (17) and 
(19) respectively. 
LJ 
CJ 
The value.of the capacitance C 
· 1/3 . 
2(C'C')2 1 2\"' 
C = C' + C' 1 2 
dV . 
corresponding to dC is, 
\ 
where Ci and c2 are the corrected.measured capacitance values corres-, 
ponding to two adjacent voltage readings. 
. . 
',,,,, .•. .-,: .:-:-·.:..--t::-.·> ,/ ... :.:.,~· .... ,. ..... : ...... :.; ...... ·: '.. . ... , ... :,·' 
2J 
This method of averaging the capacitance permits larger increments· 
of capacitance thus reducing the error resulting from the inaccuracy of 
the capacitance measurement [J] . 
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3. EXPERI}1EtJTAL RESULTS ' ' 
The doping density profiles traced by the X-Y recorder :for {our 
available samples having diameters of 5 mils, 10 mils and JO mils are 
shown plotted in Figs. 9 through 12 with apprbpriate attenuator settings. 
Corresponding plots obtained by C-V measurements are seen.to agree 
' ' 
closely with those generated with the profiler. 
For doping densities less than 1015 cm -J the profiler system 
sacrifices some distance resolution, cf. Fig. 12, because attenuation 
.... .. " 
-1 . 
is added to the second harmonic circuit. Ideally n (x) output should 
be varied by changing the Dot size attenuator with no attenuation in 
the second harmonic circuit. This could be avoided by having a two 
attenuator system in which the depth attenuator is ganged to a drive 
attenuator, thus adding attenuati9n to the 4.5 MHz input circuit while 
I 
\ 
decreasing attentuation in jme 4.5 :tvlliz output circuit simultaneously. 
Tables 1 through 4 show the measured C-V data for the four diodes, 
-"!,.-.. •« -· 
·, 
·~, 
... 
•• 
3 :. 
.. 
v volts 
0 - 0.12 
.0.12 - 0.20 
0.20 - 0.30 
0.30 - o.4 
o.4 
- 0.5 
0.5 - o.6 
o.6 - o. 7 
0.7 - o. 8 
0,8 
- 1.0 
1.0 - 2. 0 
(., 
2.0 - 3. O 
3,0 - 4.0 
.;! 
4.0 - 5. O 
5,0 - 6.o 
6.o - 7. O 
7,0 - 8.0 
• 
8.0 - 9.0 
. ., 9,0 
- 10 
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TABLE 1 
Data Showing the C-V Measurement for Sample 1 
[5 mil diameter] 
. -3 
N cm 
18 
148 - 134.8 (9,166) 10 
18 134.s - no {2. 06) 10 
110 - 67,2 (.5,03) 1017 
16 
67,2 - 29.6 .. (7.11) 10 . 
16 
29.6 - 13.12 (i.18) 10 
13 .12 - 9 I 666 . (9.46) 
15 
10 
16 
9.666 - 8,73 (1. 72) 10 
16 
8.73 - 8.067 (1.75) 10 
16 
8.067 - 7,07 (1. 56) 10 
16 
7.07 - 5,185 (1.67) 10 
. 16 5,185' - 4,533 (1.92) 10 
16 
4.533 - 4.157 (2. 02) 10 
16' 
4.157 - 3.97 (2. 96) 10 
16 
J.97 - J.73 (1. 75) 10 
16 
J,73 
- 3.5~ {2,,Jl) 10 
16 
3 • .59 - 3,47 (2.22) 10 
16 
J.47 - J.41 (J.8.5) 10 
16 
3,41 
- J.34 {2.96) 10 
.· ,.:..: .. -'-, :. .. 
. i -
J. 
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X 9 
.0096 
.0112 
.0160 
.OJ22 
.0769 
.139.5 
.1766 
~ 
.1971 
.2252 
-
.J044 
,4133 
.4890 
,.5437 
• 5959 .. 
.6501 
.6938 ' 
1 
. ! 
• 7274 
,7541 
...:.,~, .. .-.. · ......... , 
-~ ,4:·· !" 
I ' ' 
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TABLE 2 "· 
. 0 
SamEle 2 ~S mils diameterl 
. 
; 
"-3 (JI) N(cm ) X I 
0 - 0.1. 112.6 - 105 (S.99) 1018 / 0.0125 
' 
0.1 - 0.2 105 - 8,7. 2 (1. 73) 1018 0.0142 
0.2 - 0.25 87.2 - 72.7 (6.04) 1017 0.0172 
11 I 
1017 0.25 - o. 3 . 72. 7 - 56.3 (2. 72) 0.0215 
0.3 - o. 35 56.3 - 39.6 (1.03) 1017 0.0295 
0.35 - 0.4 39.6 - 29.06 (3.79) 1016 0.0442 
0.4 - 0.45 29.06 - 17 (1.46) 1016 0.0696 
0.45 - 0.5 17 - 12.4 (8. 51) 1015 0-.1043 
0.5 - 0.55 12.4 - 10.24· (7.69) 1015 0.1388 
0.55 - 0.6 10.24 - 9.34 (1.12) 1016 I' 0.1637 
., 
1016_ 0.6 - 0.65 9.34 - 8.84 (1.55) 0.178-7 
0.65 - o. 7 8.84 - 8.5 (1.92) 1016 0.1893 
' 
0.7 - 0.8 8.5 - 7.965 (2.01) 1016 0.2020 
. 1016 0.8 - o. 9 7.965 - 7.4 (1. 4 7) 0.2203 
0.9 - 1. 0 7.4 - 6.96 (1.46) 1016 0.2400 
1.0 - 2. 0 · 6.96 - 5.615 (2. 72) 1016 0.2894 
2.0 - 3.0 5.615 - 4.45 (1.21) 1016 0.3975 
3.0 - 4.0 4.45 - 4.1 (2.00) 1016 0.5016 
4.0 - 5.0 4.1 - 3.836 (1.85) 1016 0.5662 
,# . 
1016 
_ _,,..,.;,' 
5.0 - 6.0 3.836 - 3.676 (2. 31) 0.6212 
6.0 - .7. 0 3.676 - 3.55 (2. 39) 1016 o. 6652· ' 
7.0 - 8.0 3.55 - 3.44 (2.29) 1016 0.7065 
8.0 - 9.0 3.44 - 3. 354 (2.49) 1016 0.7449 
I (2. 53) 1016 9.0 - 10.0 3.354 - 3 .• 28 0.7796 
10.0 - 12.0 3.28 - 3.164 (2.72) 1016 0.8257 
12.0 - 14.0 3.164 - 3.07 (2.75) 1016 0.8826 
14.0 - 15.0 3.07 - 3.05 (5. 77) 1016 0.9165 u ~ 
.)'. 
• •. 
[,_ .. • 
,. 
~ . .:...~· ··-::· 
.. 
• ,j 
,· 
J 
,, 
,. 
~volts) v~ 
0 
- o • .5 
0.5 - 1.5 
1.5 - 2,5 
2,5 - J,5 
3,5 - 4,5 
4.5 - 5,5 
5,5 - 6.5 
6.5 - 7,5 
7,5 - 9,0 
9,0 - 12 
12 
15 
.1 
2 
8 
J 
0 
5 
- 15 
- 18 
- 23 
- 30 
- 35 
- 40 
, 
J 
J 
4 0 - 44.87 
,. 
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TABLE. 3 
,, 
Data Showing the C-V Measurement for.Sample 2 
[10 mils diameter] 
. ' C(pFJ -3 N(cm· ) x( Jl) 
4.832 - 4.36 (6.47) 14 1.80 10 
"' 14 
-4.36 - J.946 (9.12) 10 2.ll 
15 
3.946 - J,7 (1.02) 10 2,42 
(9.71) 14 2,68 3.7 - 3.51 10 
'' 
' '• 1.5 ,, 3,51 - J.39 (1.21) 10 2,90 
J.39 - J.272 ' ' (1.01) 10 15 · J,10 
," 
. ' 14 3,272 - J,17 : (9.58) 10 J.32 : ' 
. : 15 (1.40) ,· 3,17 - 3.11 10 ' 3.49 ', ', :'·. 
," 
15. ,, ,, 
. ,: 3.11 . - 3, 03 ' (1.37) 10 3,6.5 
' 
' 15 
'' J.OJ - 2.915 (1.54) 10 J.92 .. 
. 
1.5 ' 
~.23 2,915 - 2.827 (1.60) 10 
' . 
15 ' ' 
,. 2,827 - 2. 78 (2.56) 10 4.47 . ' 
' 
'. 15 
' 2.78 - 2 .• 69 (1.86) 10 4,74 
1.5 
2.69 - 2.61. ,, 
'' 
(2.32) 10_ 5.12 
' 1.5 '' 2.61 (2,79) 5,43 - 2.57 10 
1.5 . 
2,57 - 2,.543 
' 
(3. 72) 10 .5,62 
. ...,... 
15 • 
2 • .54 3 - 2 • 50 . ' ', . {2,0J) 10 . 5,83 
. 
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TABLE 4 
Data Showing the C-V Measurement for Sample 4 
\ . (JO mils diameter) 
v(volts -3 N cm . X 
14 0 
- 0,2 20.5 - 18.4 (1.53) 10 2,71 
14 0.2 - 0.4 18.4 - 16.98 (l,66) 10 3,00 
14 o.4 - o.6 16.98 - 15,9 (1.72) 10 J.26 
14 o.6 - o.a ' 15.9 - 15.04 (l,76) 10 J.49 
14 
o.8 - 1 15.04 - 14.J (l,71) 10 J,70 
14 l - i.J 14.J - 13.4 (1.74) 10 3,95 
14 1.3 - 1.5 lJ.4 - 12. 92 I (1.82) 10 4.18 
I· 
14 l I \ 1.5 - 1.8 12.92 - 12.J (1.83) 10 4.39 
14 1.8 - 2.2 12.J - 11.66 (1.98) 10 4,66 
A 14 2.2 - 2,5 ll.66 - 11.2 (1~~76) 10 4,92 
- 10.6 (1.90) 14 2.5 - 3 11.2 10 .5.20 
14 
- J.5 10.6 - 10.1 (1.90) 10 5,52 
14 J.5 - 4.3 10,l - 9,44 (l,87) 10 5. 9'Z . ' 
14 4.3 - 5,5 9.44 - 8.8 (2.26) 10 6.43 
14 5,5 - 6,5 ,· 8.8 
- 8,57 (4.39) 10 6.82 
14 6,5 - 8.5 8,57 - 8,35 (8.34) 10 7.04 
- 8.26 (J.80) 15 B.5 - 12.5 8.35 10 7.21 ., 
16 12.5 - 20 8.26 - 8.21 · (1.24) 10 .. 7.28 
,, 
I 
I 
.. • c-.,.,.. :1 ':: . --,- .. -.,. 
' l 
.. :• 
CONCLUSION$· ....... . , 
A relatively easy to build, low cost doping profiler has been 
constructed and calibrated for the semiconductor research group at 
Lehigh University. This equipment is simple to operate and provides 
quick a9curate information 9rt· a semiconductor doping profile. Minor 
fluctuations in the concentration are easily detected over a de-
pletion width less than one Debye length, 
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APPENDIX l 
Deriv·ation of the equation for the profiling technique. 
' The charge per unit area on the metal in the case of a depletion 
region between x = 0 and X(Q) is 
X(Q) 
Qs q f n(x) dx . 
0 
from Poisson's equation 
11 E=E' pdx. 
(I-1) 
(I-2) 
The electric field E(x,Q) at any point less than X(Q) in the 
depletion layer 
E(X,Q) = ~ + -q 
£ 
X 
n(x) dx (I-3) 
If the eharge/unit area is increased by a small increment AQ, 
the corresponding increment in voltage is 
X(Q) '1(Q+~Q) 
~v = [E(x,Q+l\Q)-E(X,Q)] dx + E(x, Q+l\Q) dx. 
0 X(Q) 
combini g eqs. (I-J), (I-4) 
X(Q) 
X 
AV= 
0 
- % f n(x' )dx' 
0 
The first integral gives 
X(Q) 
.J [Q+:g -% Jdx = ~ •£\QX(Q). 
0 
... :.f 
X 
-
Y.-... i n(x' )dx' 
£ E 
'· ;.i · 
'i 
(I-4) 
X(Q+~Q) 
dx+ E(x, Q+AQ)dx .. 
X( ) 
. (I-5) 
(I-6) 
\: 
. .·, 
l 
I· 
• 
t' .,· 
rm- , 
'' .,,:, .. ,,.,~, ...... ,.. •• :-~ .... - ........ --.-.,.._ .............. ....-.,-1 .... ~ ....... -~ ... ~.,-~ ...... -- ------ -----~~-
' I· 
•, 
For the second integral we have 
X(Q+LiQ) X(Q+~Q) 
·x 
E(x,Q+8Q)dx = Q+~Q - S.jn(x' )dx' 
£ £ 
dx. (I-7) 
X( ) X(Q) 0 
The first term in the right hand integral gives_ 
Q+LiQ [X(Q+AQ)-X(Q)], 
€ 
(I-8) 
The second term on the right gives 
X(Q+~Q) X(Q+~Q) 
X X(Q+~Q) X 
- [: f n(x' )dxj dx=- i q f n(x' )dx'+q f n(x' )dx' dx 
X(Q) . x( +LiQ) X(QtliQ)}f Q LiQ) 0 .. . X(Q+llQ) 
= - i ( Q+llQ)dx- q f n(x' )dx~ dx. 
I(Q) X(Q) x X(Q+~Q) 
. X(Q~Q 
=-f (Q+AQ) [x(Q+tQ)-X(Q) + t f n(x' )dx' dx. 
.:· X(Q) x 
Combining (I-8) and (I-9), we get for (I-7) 
X( Q+llQ)X( Q+llQ) 
;, :f n(x' )dx' dx. 
X(Q) X 
Combining (I-6) and (I-9) we get 
--
X( ~Q). X(Q+~Q) . 
li.V = ~Q X( Q) + t f n(x' )dx' dx, 
X(Q) X 
(I-9) 
(I-10) 
If 8Q is small enough so that n(x)/·may be considered constant 
between X(Q) and X(Q+~Q), then 
X(Q+~Q) 
.AV= ~(Q) + t n[X(Q)] [ X(Q+AQ) - xJmc: 
X(Q) ., 
,. 
.. . 
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• 
=~ X(Q) + S. n[X(Q)] 
. 2 X(Q+6Q) 
X(Q-lt1Q) .(J(Q-MQ) - X(Q)]- ~ l £ £ X(Q) 
~n a · 1 2 -2 
=~ X(Q) + .i n(X) (X+~X)~X- -2 (X+l\X) . - r £ £ 
= liQ X(Q) + 1L2· n(X) (tiX)
2
• 
£ E 
<i, 
Finally, since ~Q = qn{X)~X, 
tiV = Ml X(Q) +,, 69.2 
£ 2q Ell (X) 
If ~Q is the incremental charge due to an ac current, 
I(t) = I sinwt, 
liQ = Jr<t) dt 
8Q = I cosoot • 
w 
(I-ll) 
(I-12) 
(I-13) 
(I-14) 
(I-15) -
For a diod.e having area A, the change of charge per unit area 
AQ = I coswt , 
wA 
where w is the ang11lar frequency of the driving current. 
_, 
Combining eqs. (I-12), (I-16) ! 
• 
' 
. i. 
tiV = I coswt x + :r2(l+cos2wt)., · 1 
wAe: 4 .2A2 n(X) . W . Eq 
1 2 2 
f1 V = I f.:?SEoot x + I cos2wt 1 + __ r__ 
W.H. 4oo'i, 2Eq n(X) 4w2! 2Eqn{X) • 
F.quation (I-19) appears as eq. (11) in the main text, 
. ·I ., 
(I-16) 
(l!-17) 
! 
_j 
(I-18) 
(I-19) 
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